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ABSTRACT

Several selective media are described that were succesafully used to
isclate virulent and avirulent strains of Pagteurella pestis from material
heavily contaminated with other organisms. These media are comparatively
easy to prepare, conslst of readily available ingredients, and usually
require no adjustment of the pH. Ome of the selective media described
permits excellent recovery and the growth of large, easily distinguishable
colonies of P. pestis in 48 hours at 26°C, and also allows the detection
of fewer numbers of P, pegtis organisms in soil than a previously recom~
mended selective medium. The inhibition of other organisms frequently
present -in clinical specimens is described.
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I, INTRODUCTION

A gelective medium for the lsolation of Pasteurella pestis from
material heavily contaminated with other organisms has been described
by Morris.' Initial studies in this laboratory with the Morris medium
showed marked variability with respect to recovery of virulent and
avirulent strains as well as with individual strains in each group.

Our study is primarily concerned with the development of an azide
medium that permits excellent recovery and growth of P. pestis in 48
hours from material heavily contaminated with other oxganisms. Test
media evaluated in this study were (a) plain azide, (b) enriched azide,
{c¢) Morris medium, and (d) blood agar base (BAB) as a control medium,
The efficlency of a selective medium was evaluated on the basls of
maximal recovery and growth of P, pestis organisms from known concen~
trations of test inocula. In addition, the effectiveness of the medium
was algo determined by the extent of inhibition of soil and other common
contaminating organisma., The ease of preparation and the avatlability
of ingredients were &lso important considerations.

LI, MATX AN H

A. BACTERIAL STRAINS

Virulent and avirulent strains of P. pestig were employed in quantita-
tive recovery experiments. The virulent strains were assayed for the .
prOportion of avirulent cell types by the oxalate plate method of Higuchi
and Smith.*

B. PREPARATION OF CELLS

Test inocula of each strain were prepared by suspending the growth
{24 bours at 26°C) from two blood agar base slants in 10 milliliters of
0.06M phosphate buffer of pH 7.3, Dilutions containing approximately
16 organisms per milliliter were prepared for plating on selective
media. Triplicate plates were inoculated with 0.1 milliliter of suspen-
sion and incubated at 26°C.

C. ANTIBIOTICS, CHEMICALS, AND CULTURE MEDIA
All culture media, potassium tellurite, and bile salts No. 3 were

obtained from Difco. The following antibiotics and chemicals were obtained
from the sources indicated. erythromycin (erythromycin lactobionate),



Abbot; novobiocin (Albamycin), Upjohn; ethyl violet, National Aniline
Division of Allied Chemical and Dye Corporation; actidione, Upjohn;
mycostatin, E.R. S8quibb; hemin, Eastman Organic Chemicals; sodium azide,
Eastman Kodak Company.

Antiblotic solutions were freshly prepared. Sterile solutions of
other compounds were prepared and stored at 4°C. Hemin was dissolved in
0.05N NaOH and autoclaved, Calcium ion was added as CaCls,6H90., Mycostatin
was suspended in 70 per cent alcohol or dissolved in propylene glycol.

'

D. SELECTIVE MEDIA

The composition of selective media is presented in Table I. Ingredi-
ents were added after autoclaving the base agar and cooling to 45°C.
Tryptose agar was employed in the Morris medium; BAB was used with the
other media. The Morris medium wag adjusted to pH 7.6 with 2N NaOH.

The pH of the remaining media after addition of supplements was approxi-
mately pH 6,9 (unadjusted), Test media were generally used 24 hours
after preparation, but satigfactory resultsg could be obtalned after
storage for one week at 4°QC,

TABLE I. COMPOSITION OF SELECTIVE MEDIA

Base Erythro- Concentration, pg/ml

Medium mycin Ethyl Acti- Myco~ Sodium
Viclet dione statin Azide Hemin

Plain Azide BAB 40 1 100 100 7 -
Bile Saltsd/ BAB 40 1 100 100 . -
Enriched Azide’ - BAB - 40 1 100 100 5 40
Morris MediumE: Tryptose

Agar 5 - 100 - - -

a. 1500 micrograms of bile salts added per miliiliter.

b, Additions to enriched azide medium consisted of 0.l per cent glucose
and 0.1 M Cat+ as CaCly.B6HpO.

c¢. Supplements to the Morris medium consisted of 10 micrograms of
novobilocin per milliliter; 5 micrograms of potassium tellurite per
milliliter and 5 per cent (v/v) peptic digest of sheep blood (medium
adjusted to pH 7.6; remaining media are unadjusted at pH 6.9).



E. PREPARATION OF FILDES' DIGEST

Fresh sheep blood was obtained aseptically and defibrinated with glass
beads. The method of Fildes® was followed using Difco (N+F.) pepsin, and
the digestion was allowed to proceed with occasional shaking for approxi-
mately five hours in a water bath at 55°C.

F. SURVEY FOR SELECTIVE INGREDIENTS

Nineteen virulent and 15 avirulent strainas of P. pestis were tested
for sensitivity to various antibiotica and dyes, Sensitivity discs (Difco)
were employed for antibiotic studies., Antiblotics that failed to inhibit
P. pestis were taested for theilr effect on soll organisms. A variety of
concentrations and combinations were evaluated at various pH levels,

G. SOIL STUDIES WITH P. BESTIS

Soil was congldered as representing a specimen haavily contaminated ]
with othér bacterisa. Comparative studieés were conducted utilizing plain
and enriched azide media, bile salts medium, and Morris medium. A local
soll sample (Soil A) and 2 gardan sample (Scil B) ware employad in these
experimenta. Each soll was pasaed through scraens of decreasing pore
slze to remove large clumps and other debris. The molature contait was
not adjusted for this experiment, One=gram sauples cof goll were inoccu-
lated with tha test strain and suspended in a total volume of 10 milli~- s
liters of phosphate buffer (pH 7.3)., Suspensions or dilutions were :
vigorously shaken and 0.1 milliliter was plated on triplicate platas,
For plating-on BAB control plates, 0.1 milliliter of a 107% dilutien - . =
of the suspension was employed, o -

H. IDENTIFICATION OF P. PESTIS COLONIES
° ‘laa on plates were carefully examined with a steroscopilc
microscnpe (lzx), -:i=z obilique-illumination. Representative colonies 7
possessing typlcal morpholo y c£ P. pastis were subtultured on ‘tevptose -
agar for more detalled studJ

"
itk N s ) T DGR !
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IIT. RESULTS

A, SURVEY FOR SELECTIVE INGREDIENTS

Extensive testing showed that a selective medium for P, pestisg could
be prepared by utilizing blood agar base in combination with sodium azide,
erythromycin, actidione, mycostatin and ethyl violet. The addition of
hemin improved the recovery of P. pestig on this medium. Optimal results
were obtained by lowering the sodium azide concentration and adding glucose
and calcium ion, '

B. RECOVERY OF P. PESTIS ON PLAIN AZIDE, BILE §ALTS AND MORRIS MEDIA

Recovery efficiencies after 72 hours of incubation on plain azide, bile
salts, Morris and BAB media are compared in Table II. Blood agar base
derved as the control medium, Maximum recovery of all strains was generally
obtained on the Morris and BAB media in 48 hours; a period of 72 hours was
requirad with the other media, Atyploal colonies of P, pegtis were pro-
duced on the bile salts medium, A higher recovery was obtained with bile
galtg and plain-azide media tham with rhe Morris medium.

G. RECOVERY .OF E. PESTLS ON ENRICHED AZIDE AND MORRLS MEDIA

Recovery with enriched aride media in 48 hours was markedly superior
to that with the Morris medium (Table III)., 1In addition, the recovery
rates wara improved over those obtained with plain azide madia (Table I1).
Maximum recovery on enriched azide was obtained in 48 houra. The colonias
were large and possessed characteristic morphology.

Figure 1 shows the relative size and numbers of a virulent (Alexander)
and avirulent (Al122) strain of P. pestis on emnriched azide and Morris
media, .

D. RECOVERY OF B. PESTIS FROM SOIL SAMPLES

The recovery of avirulent P, pestis (All22) was higher on plain azide
than on the Morris medium utilizing 700 and 1400 cells per gram of soil
(Table IV). Similar results were obtained with enriched azide and the
virulent Alexander strain (Table V). Figure 2 shows growth of soil
organisms from soil suspensions A and B on plain and enriched azide and
the Morris medium. In order to recover P. pestis from Soil A and B b
plating on_ BAB media, it was necessary to use an inoculum of 2.5 x 1(1:'y
arnd 1 x 10° P. pestis cells per gram of soil, regpectively,
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TABLE IX. RECOVERY OF P. PESTIS AFTER 72 HOURS OF INCUBATION (26°C)

ON THREE SEIECTIVE MEDIA

Per Cent gecoveryﬂ/

Test Straineh/ Plain Azide Rile Salts Morris Control
Mediumg/ Medium& MediumE/ - (BAB)

14 avirulent 80 96 29 100

14 virulent 85 85 61 100

a. Plate counts obtained by averaging three plates for each strain.
b. Avirulent: A-12, Tjiwidej, Soemedang, EV-76, All22, TRU, A-4,
Java, 556a, M23B, A-16, 53~H-1, M33, and AD5-8,
Virulent: Alexander, Charleston, Kuma, Washington, Yokohama,
M4l-1, Powell, MPG, Shasta, M23, Saka, 536, HS5, and H15,
¢. Range of recovery was ae followa: Plain azide medium - not less than
58 per cent recovery except for one avirulent strain (4 per cent) and
one viruleunt straim (25 per cent); Bile salt medium ~ not less than
50 par cent racoveéry for all atrainai-Morria wedtum-= lead than 50
per cent raecovery for 1l avirulent strains and 3 virulent straina.

TABLE III, RECOVERY OF P. BESTIS APTER 48 HOURS OF INCUBATION
(26°C) ON ENRICHED AZIDE AND MORRIS MEDIA

Bex Cent gecoveggg

Test Straineh/ Enriched Azide Morris / Control
' MediumE.  Medium®’ (BAB)

1 avrdaniT ank ax 27 100

12 virulent ' 105 ' 39 100

a, Plate countsg obtained by averaging three plates for each strain.
b. Avirulemnt: A-12, Tjiwidej, Soemedang, EV~76, All22, TRU, A~ &,
Java, 556a, M23B, A-16, M-33, Al224, and AD5-S.
Virulent: Alexander, Charleston, Kuma, Washington, Yokohsama,
Powell, M41-"1, MPG, Shasta, M23, Saka, and 556.
¢. Recovery on enriched azide medium was not lass than 74 per
cent for any strain. Recovery of the avirulent strains on
Morris medium ranged from O to 57 per cent and recovery of
the virulent strains from O to 80 per cent,
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TABLE TV. AVERAGE RECOVERY OF AVIRULENT P. PESTIS (A1122)
AND SO1L ORGANISMS FROM SCGIL A ON PLAIN AZIDE

AND MORRIS MEDIAZ

Average Recovery Average Recovery

Initial Inoculum Dilution of of P. pestis of Soil Organisms
of B. pestis Cells Soil Suspension Plain Morris Plain Morris
Per Gram of Soil Plated Azide Azide

Undi luted’ 7.9 2.3 202 321

700 Undi luted - 2.4 0.8 103 117

1:2 2.9 0.9 49 59

Undiluted 6.8 2.9 185 192

1400 1:2 . 3.6 1.5 - 90 87

1:5 1.9 0.7 45 35

4, QCounta obtained from three samples (triplicate plates averaged).
b. 0.2 miililiter of undilutaed suspension plated; 0.1 milliliter
quantities plated from all-other suspensiona-and dilutions.

TABIE V. RECOVERY OF VIRULENT P. PESTIS ALEXANDER STRATN
AND SOIL ORGANISMS FROM SOIL B ON ENRICHED AZIDE
AND MORRIS MEDIAB/ .

Avérage Recovery Average Recovery

Initial Inoculum Dilution of - of E, pegtig of Soil Organisua
of P. pestis Cells Soil Suspension Enriched Morria Enriched Morris
Pex Gram of Soil Plated Azide Azide
595 Undi luted 4.7 0.9 47 23
1:2 2.8 0.4 26 16
Undiluted 8.0 1.7 22 15
1190 1:2 3.8 0.9 10 8

a. Counts obtained from three samples {triplicate plates averaged).



E. TINHIBITION OF OTHER GONTAMINANTS

The following organisms were inhibited on plain azide media and the
Morris medium: Aerobacter serogenes, Alcaligenes faecalis ATCC-8750,
Escherichia coli ATCC~11303, Eascherichia coll B, Pasteurella mastidis
ATCC-10899, Pagteurella multocida ATCC-3656, Shigella sonnei 16,
Streptococcus faecalis, and Vibrio comma VM~7708. The enriched azide
media inhibited all these straina except Aerobacter aerogenes, E. coll B,
and Shigella sonnel. Recovery of E. coll on this medium was 56 per cent
and of Shigells sonnel 49 per cent of the recovery on the BAB control.

Paracolobactrum coliforme, Proteus vulgaris, and Salmonella typhosa
A-60 were inhibited on the Morria medium but not on the plain or enriched

azide media. Recovery of six strains of Pasteurells pseudotuberculosis
(ATCC 6902, 6903, 6904, 6905, 913, and 11960) averaged 74 per cent on
plain azide, 94 per cent on enriched azide, and 45 per cenft on the Morris
madium. Pseudomonas aseruginosa recovery was 100 per cent on plain azide,
90 per cent on enriched azide, and 22 per cent on the Morris medium.

All percentages are in comparison with recovery on BAB platea. Strains
not apeaifically identifisd wara.stock strains that had bean usad for
student instruction.

F. STATISTICAL ANALYSIS

Analyses of varlance were performed and comparisons made at the five
per cent probability level. The statiastical analysis of the data showed
that the recovery of virulent and avirulent strains of P. pegtis was
significantly higher on plain and enriched azide and bile salts media
than on the Morris medium (Tables I1 and III). The recovery of P. pestig
from 8o0il A (Table IV) on plain azide was significantly highar than on
the Morris medium for both levels of inoculum. The analysis indicated
that there was no significant difference between these two selective
media in the inhibition of the soil organisms from Scil A.

The analyeis of the data in Table V showed that there was a signifil-
cantly higher recovery of P. pestis on the enriched azide medium compared
with that on the Morris medium. There was no significant difference in

LILGAVLLLVIL VLI DULLI ULEQILDUE VY CLLUGL Vi LHE PGISWLALATS meewcav
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IV, DISCUSSION

The Morris medlum was difficult to prepare, requirad adjustment of the
pH, and did not allow for efficient recovery of P. pestis. Recovery on
thie medivm prepared in our laboratory varied from 27 per cent for the
svirulent strains to 60 per cent for the virulent straine when compared
with blood agar base contrcls. The recovery of individual gtrains of
P. pestis frequently varied each time the medium was prepared.

Markenson and Ben-Efraim’ describe an oxgall medfum for identification
of P, pegtis., This medium requires two per cent defibrinated rabbit blood.
Preliminary results with this medium indicate that it is less inhibitory
for contaminating organisms than azide media. Recovery of 12 virulent
strains of B, paptis averaged 56 per cent compared with recovery on BAB,
This medium also has the disadvantage of being opaque.

Previous attempis by other investigators to isolate P, pegtis on-

~ salective media from varioua apecimens were not entirely satisfactory.a_v
A madium for the cultivation of Eastauzells and Brpgells spucies ut:i.lui.ng L
brilliant green as the {nhibltory agent was descrided by Lavin, Trupin, -

and Cabelli.' This medium requires the use of a peptic digeat vf bovine
hemoglobin.

The blle salts medium permitted good racovery of B. pestia, but colony
morphology waa atypical. S8imilar variations in colony morphology on a bile
salte medium were described by LaRose.” Recognition of P. pegtis colonies
among soll colonies on this medium wag more difficult than with other
selective madia., The bile salts medium is therefore recommendad only in
special situations where the contaminents are particularly sensltive to
blle salta., The upe of bile solution as an enrichment fluid for the
isolation of P. pegtia was reported by Kirschner.

The plain azide medium requires 72 houras for recovery of P, pegtis,
but hae the advantage of being more inhibitory than tha enriched azide
madium for certain types of contaminating organisma. The enriched azide
medium has an advantage of allowing excellent recovery of P, pestis in
48 hours and growth of large easlly distinguishable colonies.

Hemin served as a satisfactory enrichment in tne azlige meqium. iu
eliminated the necessity of obtaining sheep blood and the time required
to prepare the digest. Herbert® repcrted that hematin was the factor
in pepsinized blood responsible for increased growth of P. pestis in
agar media,

The correlation of virulence of P. pestis with calcium ion was reported
by Higuchi, Rupferberg, and Smith*? and Higuchi and smith.? Glucose and
calcium ion were added in an attempt to improve the azide medium. Although
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the addition of calcium and glucose does not significantly increase the
recovery of P. pestis, it does aid in obtaining large, uniform colonies
possessing a characteristic morphology. The advantages of the proposed
azide media are easy preparation, utilizing readily available ingredients,
and the possibility of direct isolation of P. pestis from heavily con- -
taminated material. The growth of many organisms frequently encountered
in clinical specimens is inhibited on these media.
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